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ABSTRACT 

We investigate how a different calibration of the Cepheid Period-Luminosity (PL) 
relation taking into account the metallicity corrections, affects the absolute magnitude 
calibration of Supernovae (SNe) la and, in turn, the determination of the Hubble 
constant Hq. We exploit SN la light curves from literature and previously unpublished 
data, to build the Mb - Ami5{B) relation and we calibrate the zero point by means 
of 9 type la SNe with Cepheid measured distances. This relation was then used to 
build the Hubble diagram and in turn to derive Hq. In the attempt to correct for the 
host galaxy extinction, we found that the data seems to suggest a value for the total 
to selective absorption ratio, Rb — 3.5, which is smaller than the standard value for 
our own Galaxy Rb = 4.315. 

Depending on different metallicity corrections for the Cephcids P-L relation, values 
of Rb and SN sample selection criteria, we found that the values of the Hubble constant 
Hq is in the range 68-74 kms~^ Mpc~^, with associated uncertainties of the order of 
10%. 

Unpublished photometry is also presented for 18 SNe of our sample (1991S, 1991T, 
1992A, 1992K, 1993H, 1993L, 1994D, 1994M, 1994ae, 1995D, 1995ac, 1995bd, 1996bo, 
1997bp, 1997br, 1999aa, 1999dk, 2000cx), which are the resuhs of a long standing effort 
for supernova monitoring at ESO - La Silla and Asiago Observatories. 

Key words: supernovae: general - supernovae: calibration - supernovae: individual: 
1991S, 1991T, 1992A, 1992K, 1993H, 1993L, 1994D, 1994M, 1994ae, 1995D, 1995ac, 
1995bd, 1996bo, 1997bp, 1997br, 1999aa, 1999dk, 2000cx - supernovae: Hubble con- 
stant 



1 INTRODUCTION 

Type la supernovae are probably the most accurate dis- 
tance indicators on cosmological scales. An important lim- 
itation is that, since SNe are relatively rare events, they 
cannot be used to measure the distance of pre-selected in- 
dividual galaxies. On the other side they are invaluable 
tools to measure global pro perties of our Universe, like the 
Hubble constant i/p ( e.g. Rust 197 41: iHamuy et al.lll996al : 
iTripp fc BranchI Il999l : iFreedman et al.l l200lf). the cosmo- 
logical parameters go , Om. (e.g. [ Schmidt et all Il998t 
iPerlmutter et allll999l : lRiess et al.ll99M) . and also the pecu- 
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liar velocity field (iRiess et alJll99'^ . This explains the con- 
tinuous efforts spent to refine the absolute calibration of 
SNe la. 



Three main issues need to be addressed for a proper cali- 
bration of SNe la, namely the direct calibration of individual 
events through primary distance indicators, the determina- 
tion of the relation between light curve shape and absolute 
magnitude and the extinction estimate, in particular that 
due to the host galaxy dust. This process is complicated 
by the fact that these three items have a deep interplay. 
This means that it is not easy to predict how the effect of a 
new finding on one ingredient propagates to the final result. 
Indeed, different assumptions in the calibration chain may 
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explain why diff erent authors, usin g: the same data, obtain 
different results (lLeibundgudl2000l) . 

The purpose of this work is to investigate how new cal- 
ibrations of the Cepheids absolute magnitude, discussed in 
t|2.4l propagate through the calibration of SNe la on the de- 
termination of Hq. In this work we do not rely on published 
values of SN light curve parameters (in particular maximum 
magnitudes and decline rates), but we made our own inde- 
pendent estimates. To this aim we exploited the archive of 
SN la light curves which has been collected at the Padova 
Observatory. Besides all relevant data publis hed in the lit- 
eratur e (w ith a major contr ibution given bv iHamuv et alJ 
Il996bl and lRiess et al.l)l9^9^ ■ the archive includes also the 
results of a long standing effort for supernova monitoring at 
ESO and Asiago Observatories (|Turattoll2o7)nl) . The unpub- 
lished data are reported in Appendix El 
After rejecting objects with incomplete photometric cover- 
age we retained a sample of 78 SNe la (see Appendix |bJ. 

The plan of the paper is the following: in ij^lwe discuss 
the SNe la inhomogeneity, the properties of their light curves 
and the calibration of the absolute magnitude at maximum. 
In particular we address the problem of the host galaxy ab- 
sorption and the effect of the metal content on the Cepheid 
distance scale. In ^we show how different assumptions on 
the peak magnitude calibration and different metallicity cor- 
rections on the Cepheid PL relation affect the Hubble con- 
stant. Conclusions are drawn in ^3 



2 SNe la CALIBRATION 

Contrary to early claims, the absolute magnitude of SNe la 
at maximum (Mmax) is not constant but it ranges over 2-2.5 
mag. However a correlation between Mmax and the shape 
of the light curve has been suggested which allows to re- 
cover SNe la as accurate distance indicators. This was first 
proposed almost thirty years ago iBarbon. Ciatti fc Rosinol 
Il973l: lRustill974l: |Pskovskiilll977l) but, because of the large 
photometric errors of photographic photometry and the con- 
tamination of the early sample from other SN types (SNe 
Ib/c in particular), remained debated until a few years ago 
JSandage fc Tammannlll993l) . Eventually, the improved ac- 
curacy obtained with CCD photometry definitively proved 
that M max is brighter in SNe la with a slower luminosity 
decline jPhillips 1993.1. It is still debated what may be the 
most convenient parameter (s) to describe the light curve 
shape and discriminate between intrinsically brighter and 
fainter SNe and, more important, what is the correct abso- 
lute calibration. 

Theoretical calculations have shown that the abso- 
lute ma gnitude at maximum is proportional to the amount 
of_^Ni lArnetdligsl : iHoflich et al]|l996l: ICappellaro et alJ 
I1997I) . However it is not yet clear how this relates with the 
progenitor scenarios and explosion mechanism. In particu- 
lar, a growing number of "outliers" seems to indicate that a 
one-parameter description of SNe la is not sufficient to pa- 
rameterize the light curve of SNe la (for an analysis of the 
type la luminosity dependence on second parameters see 
IParodi et al.ll2000l) . In addition, recent observations show 
an increasing number of "disturbing" objects which merge 
properties of normal, sub-luminous and super-luminous SNe, 
like SN 2000CX or SN 2002cx. The first one is characterized 
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Figure 1. SN la template light curves in B band for seven dif- 
ferent decline rates. 



by a slow decline but a relatively fast pre-maximum bri ght- 
ening , similar to that of the normal SN 1994D |Lj et aU 
|2001(). Nevertheless the absolute m agnitude at maxim um is 
consistent with a sub-luminous SN iCandia et al .l2002i) and, 
in addition, the B — V colour shows an unusual evolution, 
becoming at late time significant ly bluer t han the average of 
unreddened normal SNe la SCandia et al.i2002i) . The second 
one is characterized by a 1991T-like pre-maximum spectrum 
and a 1991bg-like luminosity, a normal B — V colour evo- 
lution, v ery low expan sion velocities and many other pecu- 
harities l|Li et aLlbOO^ . 

Therefore, even if we will exploit the fact that in general 
the light curve shape correlates with the absolute magnitude 
at maximum, it should be kept in mind that this is not a 
universal law. Not only it has an intrinsic dispersion but in 
addition there are really "anomalous" SNe. 

2.1 Light curve shape 

A few different approaches are currently in use to charac- 
terize the luminosity evolution of different SNe la. In princi- 
ple the Multi-colou r Light Curve Shape (MLCS) method of 
iRiess et al.l(ll996ari . which makes use of the entire early light 
curve (from discovery to 80-100 days) in different colours, is 
expected to be the most robust from a statistically point of 
view. This method has also the great advantage of giving at 
the same time the absolute calibration and the extinction. 
However the MLCS method heavily relies on the accurate 
calibration of a few template light curves, especially for what 
concerns the extinction correction, which explains the differ- 
ence in the temp late colo ur curves infaicss et a,l. 1996aj and 
iRiess et al.lll998l (see also lSalvo ef al. 2001). 

Two more straightforward measurements of the lumi- 
nosity evolution are the Amis (the magnit ude decline be - 
tween the maximum and fifteen days later) iPhillipj|l993f) . 
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are more or less maintained after the inflection point when 
the Ught curve turn on a more gentle decline. The exception 
are the SNe with the highest early decline (Ami5(i3) = 1.94) 
that, because of an earlier occurrence of the inflection point, 
1-2 months after maximum appear brighter (relatively to 
maximum) than other SNe la. 

(iii) for SNe with incomplete temporal coverage we have 
selected, by means of a test, the best matching template 
and attributed to the object the corresponding Ami5(i3). 
For practical reasons, the section of the light curve which 
goes from maximum to the inflection point is that for which 
detailed monitoring for the largest sample of events is avail- 
able. Therefore, in the light curve flt, we gave more weight 
to the points in this phase range. Eventually, the shifts in 
phase and magnitude adopted to get the best match were 
used to refine the initial guess for the epoch and magnitude 
at maximum. 



Figure 2. Ami5(B) versus stretch factor s for 58 SNe la. The 
inferred correlation (solid line) is in good agreement with that 
obtained bv lPerlmutter ct al.. 1 1997*) (dashed line). 

and the "stretch factor" s jPerlmutter et al]ll997^ . a coeffi- 
cient used to expand or contract linearly the time-scale of a 
particular light curve in order to match a template^ . In this 
work we choose to compare these last two methods. 

To measure Ami5(_B) and s for the SNe of our sample 
we proceeded as follows; 

(i) B and V light curves of all SNe were corrected for 
the effect of red-shift on the time scale of evolution (time 
dilatation) and on the photometry ( K-correction). For th e 
latter we use the K corrections given bv lHamuv et alJ il993l) ; 

(ii) among the SNe of our sample we selected 28 events 
for which the most complete temporal coverage was avail- 
able. For each individual object we have measured the epoch 
and magnitude of maximum and the Ami5(_B). The SN light 
curves were then grouped in seven bins of similar Ami5(_B) 
(in order to have a good Ami5{B) sampling and enough 
statistics per bin) . The individual observations were merged 
together to derive seven template light curves character- 
ized by the average Ami5(i3) (see Appendix 1^. Due to the 
paucity of light curves with coverage during the rise phase, 
the light curve trend before maximum is quite uncertain. 
The template light curves are shown in Fig. Q where it can 
be seen that with the increasing of Ami5(i3) the light curve 
shape varies with continuity. That is, the magnitude differ- 
ences which originates from the different early decline rates 

^ Recently IWang et al.l i2003l) introduced a new method called 
the Colour-Magnitude Intercept Calibration (CMAGIC) which 
makes use of multi-colour post-maximum light curves. It is based 
on the empirical relation found between the B magnitude and the 
B — V (or B — R or B — I) colour during the first month past 
maximum. A complete analysis of this method, discussing also 
the B-R and B-I colours will be presented by the same authors in 
a later paper. 



Instead, to measure the stretch factor s, we have 
adopted as reference the template light curve with 
Ami5(_B) — 1.11, i.e. our template closer to the "stan- 
dard light curve", arbitrary chosen to be characterized by 
Ami5(B) = 1.1 llPerlmutter et alJll997l) . In practice, for 
each SN the time scale of the light curve was compressed by 
a factor s chosen to get the best fit with the reference 
template light curve. Due to the uncertainties on the rising 
branch of the light curve templates and on the paucity of 
observations before maximum, the comparison has been per- 
formed mainly taking into account the light curve evolution 
from maximum to 80 days at most. 

Following this procedure, we could measure both 
Ami5{B) and s for 58 SNe la (columns 3 and 4 in Ta- 
ble Fig. 121 shows that Ami5(i3) and are indeed 
well correlated. We notice that, as expected from Fig. 
the stretched template light curve gives a very poor fit 
of the observed light curve for fast declining objects (like 
SN 1991bg), which can not be well fitted simultaneously 
in the early and late phases. This is the reason of the 
large error-bars for such objects. In any case, a least- 
squares fit considering the errors on both variables gives 
Ami5(B) = (1.98 ± 0.16)(s'i - 1) + (1. 13 ± 0.02) which 
is ver y close to the relation obtained by iPerlmutter et all 
Jl997fl (Ami5(-B) = (1.96 ± 0.17)(s-^ - 1) + 1-07) ft-om 18 
low red-shift SNe. 

We also note that the dispersion along the fitting line is 
consistent with the error estimates and, even in this enlarged 
sample, there are no obvious outliers. Hence, the system- 
atic differences in the SN magn itudes calibrated u sing either 
Ami s or the stretch factor iDrell. Loredo fc'^ Wasscrmanl 
L2OOO'; Lcibundgut '2000h are not due to a misalignment of 
the different methods of measuring the light curve shapes 
and instead must originate in some other steps of the cali- 
bration chain. As we will see the reddening correction is a 
most critical issue. 

Because of the good correlation between Amis and 
stretch factor and because Amis is available for a larger 
number of objects, for the SNe la calibration hereafter we 
will use the Amis light curve parameterization. 
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Figure 3. {B - V) max vs A'mi5. Correction for Galactic extinc- 
tion has been applied. Black dots are SNe not affected by host 
galaxy reddening and spanning a wide range of decline rates. The 
solid line is the linear fit of these unreddened SNe (excluding the 
points with Amis ~ 1.95; see text). The scatter of the empty 
circles is due to the host galaxy reddening. 



Figure 4. Histogram of Ami5(B) for SNe la in early type galax- 
ies (upper panel) and in late galaxies (lower panel). The Ami5(B) 
values have been corrected for extinction, as explained in i|2.2l 
A Kolmogorof-Smirnov test shows that the probability that the 
two distributions derive from the same population is very small 
(P = 0.003%). 



2.2 Reddening correction 

The SN light is extinguished by the dust in our own Galaxy 
and in the host galaxy. For the Galactic extinction we 
have in dependent estimates eith er from HI maps and galaxy 
counts iBurstein fc Heilej|l982ll o r from the COBE/ DIRBE 
and IRAS/ISSA maps dSchleeel. F inkbeiner & Dav 3l99d) . 
The latter has been adopted in the present work. 

Instead, to estimate the extinction in the host galaxy, 
following the usual approach we make use of the observed 
SN colour. In practice, we derive two different estimates as 
follows: 

(i) a plot of the B ~ V colour at maximum (corrected 
for galactic extinction) versus the light curve decline rate 
Ami5(i3) is shown in Fig.|H] The B — V colour at maximum 
has been measured on the B — V colour curve by a polyno- 
mial fit of the points around the maximum or by a template 
colour curve when the sampling was poor. We used different 
templates corresponding to SNe la with different Amis • 

Most of the observed dispersion is due to host galaxy 
extinction, but there are also intrinsic differences. In par- 
ticular it is now known that SN la with Amis(B) > 1.8 
are intrinsically red at maximum, with {B — V)o ~ 0.7. 
For all other SNe la and assuming that the lower rim of 
the distribution corresponds to SNe with negligible extinc- 
tion, the differences in the intrinsic colours are certainly 
smaller but still there is an indication that in the intrin- 
sic colour correlates with the luminosity decline rate: SNe 
with a faster decl i ne rate are redder jRiess et alJ Il998t 
iPhiUips et aP Il999l : I Nobih et anl2003^ ■ This is shown in 
Fig. 13 by fitting the data of 5 SNe (SN 1999bc, 1992al, 
1994D, 1992A, 1992bo) spanning a wide range of decline 



rates and for which there ar e indications that th e host galaxy 
reddening was very low dPhillips et alJll999^ . We found 
(B - V)max = 0.09(±0.08) X (Amis - 1.1) - 0.08(±0.03) 
and this relation was adopted to derive the colour excess 
for all type la SNe but the very fast declining objects 
(Ami5(B) > 1.8). For the latter we assumed that they have 
all the same intrinsic colour {B — V)o ~ 0.70. E{B — V)max, 
corrected for the galactic component, are reported in column 
6 of Table inn 

(ii) As shown bv lLiral (|^9^ , the colour evolution of SN la 
between 30 and 90 days can be well approximated by the fol- 
lowing linear relation: {B-V)o = 0.725- 0.0118 x (tv - 60), 
where tv is the time (in days) from the V maximum. This 
is independent on the SN decline rates, including extreme 
objects like SN 1991bg. Th ere is howe ver at least one impor- 
tant exception, SN 2000cx (Candi a et a l, 2QQ1) which should 
not be overlooked. 

The shift of observed colour of SN la required to fit this 
relation gives an alternative estimate of the host galaxy ex- 
tinction E{B — V)taii reported in column 7 of Table IHTl 

Finally, as estimate of the host galaxy extinction, E{B — 
V)host, was ado pted the weighted m ean of E{B — V)max and 
E{B-V)taii (cf. lPhiUips et al.ll999ri . In the few cases, when 
the formal mean turns out to be negative, the E{B — V)host 
were set equal to zero. This is equivalent to adopt a Bayesian 
filter with a fiat a priori distribution for positive E{B — V) 
and zero for E{B — V) < 0. Our adopted E{B — V)host are 
reported in column 8 of Table IHTI 

Some authors applied a different Bayesi an filter to the 
measured values of E{B — V). In particular. iPhillips et alJ 
il999f) assumed a one-sided Gaussian "a priori distribution" 
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iRiess et al ][l9963). It turns out that their choice of a rela- 
tively small value of a corresponds to an arbitrary reduction 
of E{B — V)hoat, especially for objects with high colour ex- 
cess. In turn, this results in smaller absorption corrections 
for the SN magnitudes. This choice, while not well justified, 
has the positive effect to reduce the dispersion of the cor- 
rected SN absolute magnitudes. We will come back to this 
poi nt in the next section . 

iPhillips et al.l il999l) have shown that, because of the 
rapid spectral evolution of SN la and of the (small) depen- 
dence of the reddening on the colour of the source the ob- 
served Ami5(_B) must be corrected as follows: Ami5(_B) ~ 
Ami5{B)obs + 0.1 X E{B - V). The Ami5(B) reported in 
column 4 of the Table IHT1 are the observed values. 

A comparison of our esti mates of Amis ( B) an d colour 
excess with those reported bv lPhillips et al.] (^Q^) for the 
objects in common shows that, except for a few cases, the 
values agree within the errors. The differences are due to 
slightly different choices for the epoch and magnitude at 
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2.3 Absolute magnitude vs. Ami5{B) 

In order to use SNe la as distance indicators, their absolute 
magnitude Mb needs to be calibrated. This requires that 
at least for a sub-sample of objects, the distance modulus of 
the host galaxies is measured by means of some independent 
distance indicators. As we will argue in the next section, this 
is best done with Cepheids. 

If SNe la were true standard candles, the calibrated ab- 
solute magnitude could be directly used to measure the dis- 
tance of all other SN host galaxies. As we mentioned before, 
this is not the case but, thanks to the relation betwe en abso- 
lutc magnitude at maximum and luminosity decline dPhillipj 
[l993), the role of SNe la as distance indicators can be recov- 
ered. Therefore is this relation which needs to be calibrated. 

Unfortunately this cannot be done using the Cepheid 
calibrated SNe la alone for two reasons: 

(i) the number of SN la host galaxies with Cepheid mea- 
sured distances is too small (only 9 objects, as shown in 
Table lU; 

(ii) as shown in Fig. 2] SNe la with different absolute mag- 
nitudes are not uniformly distributed versus galaxy types. 
In particular faint, rapidly declining SNe la occur prefer- 
entially in early type galaxies (see also 'Filippcnkol 1198!^ 
[Hamuv et al.. 1996c. CaPPellaro fc Turatto 2001). As dis- 
cussed bv llvanov'' Hamuv fc Pinto I (2000) this effect may 
be due to the age of the progenitors (the older the progen- 
itor system, the fainter the corresponding SN), but also to 
metallicity (lower metallicity systems produce fainter SNe, 
lUmeda et al]ll^99^ . 

Since Cepheids are found in spirals only, it is not possible 
to properly sample the Mb - Ami5{B) relation by means 
of Cepheid calibrated SNe la. 

To overcome these difficulties we adopted a two-step 
procedure. We first determine the slope of the relation us- 
ing some widely available, though less accurate, distance in- 
dicators (Fig. |KJ ; then, since the linear fit depends on the 
assumed value of Ho (75 kms~^Mpc~^), we determine the 
zero point by minimizing the deviation of the Cepheids cal- 
ibrated SNe la on this fixed slope (see next section). 



Figure 6. Dispersion of the Mb - Amis relation for different 
values of Rb- The sample is the same as in figure |S|b. The filled 
square corresponds to Rb = 4.315. The minimum corresponds to 
Rb = 3.5. 



For the first step, absolute magnitudes have been cal- 
culated using distances obtained from two different sources. 
Distance moduli for 24 host g alaxies were retrieved from 
the "Nearby Galaxies Catalog" ||Tu11vII1983) . For the galax- 
ies not listed there and with recession velocity larger than 
3000 kms"^ (49 objects), we have determined the distance 
from the recession velocity, adopting Ho = 75 kms~^Mpc~^ 
to be consistent with the TuUy's catalogue scale. In order to 
avoid contamination from peculiar motions, we rejected 5 of 
the 78 SNe of the sample which are not listed in TuUy's cat- 
alogue and have low recession velocity. Recession velocities 
in the reference frame of the 3K background microwave ra- 
diation were retrieved from the NASA/IPAC Extragalactic 
Database'^. 

To show the importance of the host galaxy extinction 
correction, in Fig. we have plotted the data of 73 SNe, 
corrected for Galactic extinction only. As it can be seen, 
the the points show a large dispersion and the correlation 
between Mb and Ami5(i3) remains hidden. 

The scatter appears greatly reduced in Fig. ^3 where 
the SN magnitudes have been corrected for extinction in the 
host galaxy. The latter has been derived from the colour ex- 
cess estimated in t|2.2l and assuming a standard rcddcniiig 
law, th at is Ab = 4.315 x E(B - V) ( Schlcgcl ct al. 199|, 
see also lCardelli. Clavton fc MathiJl989fl . The only evident 
outliers are now four fast declining SNe (the sub-luminous 
SNe 1992K, 1999da, 1998de, 1991bg), SN 1996ai, whose 
colou r excess is very high but not well defined jPhillips et alJ 
Il99d) . and 1986G, another highly reddened SN. 

Actually, we found that the dispersion in the Mb - 
Amis{B) relation can be further reduced assuming a differ- 
ent value for Rb- As shown in Fig.|S| a minimum dispersion 

^ http://nedwww.ipac.caltech.edu/ 
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Figure 5. Mb versus Ami5(i3) relation; filled circles indicate objects whose distances are given by TuUy's cat alogue, open symbols 
are objects whose distances are calculated from their recession velocity. The linear fit is weighted in both axes JPresElll992h . a: Only 
galactic reddening correction applied. Number of objects used for the linear fit n=73, dispersion a = 0.83. b: Both Galactic and host 
galaxy reddening corrections applied. The outliers, marked with a cross, are (from left to right, from top to bottom): SN 1996ai, which 
is characterized by high and not well known reddening; SN 1986G, another highly reddened event; SN 1992K, 1999da, 1998de, 1991bg, 
which are peculiar sub-luminous events. The latters seem to form a separate class and do not fit the linear relation defined by all others. 
n=67, cr = 0.31. c: as the previous case but selecting only SNe with E{B — V) < 0.1 and small errors (< 0.2) in Am\f,{B). n=26, 
a = 0.20, Rb = 3.5. 



Table 1. Parameters of the Af3=a(Ami5(i3) — 1.1) + b relation. From top to bottom: values obtained for case b, c (as in JOJ. From 
left to right: number of objects used for the correlation; Rb adopted; slope (error); zero point derived from three different assumptions 
on the metallicity PL relation (error); dispersion. 
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We note that, from a practical point of view, reducing Rb 
has the same effect of the adoption of a relatively narrow a- 
priori distribution of the reddening for a Bayesan estimate of 
the individual SN extinction (cf. >I2.21 . In S|3we will check 
what is the effect on the Hubble diagram of this different 
choice for Rb- 

The issue is important (see also lFischerll20o3) because 
it turns out that, on average, the more distant SNe of our 
sample are less affected by the extinction than nearby ones. 
This is shown in Fig. |7| it turns out that for SNe in galaxies 
with recession velocity smaller than 3000 km the average 
colour excess is ~ 0.27, whereas the same number for more 
distant galaxies is ~ 0.13. 

This is likely due to selection effects, since distant ob- 
scured objects are more difficult to detect and SNe are likely 
to be discovered far from their host nucleus in distant galax- 
ies. 

As a final test we plot the Mb - Amis{B) for the sub- 
sample of 26 SNe with E{B — V) < 0.1 and well measured 
Amis (Amis uncertainties < 0.2) (see also iPhillips et alJ 
JJ)99, Frccdman ct al. 2001). This has two advantages, it 
gives a more homogeneous sample and the uncertainties re- 
lated to the host galaxy extinction correction are reduced. 
The result, shown in Fig|3:, is a very tight relation with 
dispersion a — 0.20. 



is obtained for Rb = 3.5, somewhat smaller than the canon- 
ical values Rb = 4.315. 

A qualit atively similar result wa s obtained, again us- 
ing SN la, by ICapaccioli et all il990l) . who favoured Rb ~ 
1.7. However, previous measurements of low values for Rb 
from SNe were plagued by an inadequate understanding 
of the rela tion between intri nsic color and luminosity at 
maximum ijRiess et al.lll996bll . Other measurements of ab- 
sorption in nearby galaxies provided values for Rb rang- 
ing from the canonical val ue {Rb ~ 4.3 ) to much s maller 
values {Rb ~ 3.6: Bouchet et al.l ll985L iBr osch. Nl [lg^ 
iBrosch. N. fc Loinger. Flll99lt i?R ~ 2.4: iRifatt'ol ll99Cll . 
However a lower estimate for the host galaxy reddening cor- 
rection R b has been suggested also by mo re recent studies 
{Rb ~ 3.5lPhi1lins et dTfS iKnon et a.UEinl. 
Actually, even in our own Galaxy the ratio of the total to se- 
lective absorption has been found to vary significantly from 
place to place (e.g. Ry varies from 2.6 to 5.5 in the measure- 
ments of lClavton fc Cardellilll988h . Therefore, in principle, 
it would be interesting to study the dependence oi Rb on 
other observables, such as the distance from the host galaxy 
centre or the integrated galaxy properties. This would re- 
quire the possibility to derive estimate oi Rb for individ- 
ual objects which, unfortunately, cannot be done with the 
present data. 
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Table 2. Cepheid calibrated SNe. (1) SN name; (2) host galaxy; (3) apparent B magnitude at maximum; (4) B — V colour at maximum; 
(5) Ami5(i3)oi,s (not corrected for colour excess); (6) E{B — V)gai from Schlcgcl et al. 1998; (7) E{B — V)iioat'- weighted mean between 
E{B - V)ma x and E{B - V)^ p,i; (8) Aio(KP), (9) Mo(Ar/AZ) = 2.5, (10) Mo(Ay/AZ) = 3.5 are the distance moduli given by the HST 
Key Project iFreedman et alllSoOli) and the distance moduli obtained for two different metallicity (see i|2.4i . 



SN 


galaxy 


ni(B)mai 


B-V Amis {B)obs E{B - V),,i E{B - V)h,,t 


Mo(KP) 


/^0( AZ = 


2.5) Mo(tf = 3.5) 


(1) 


(2) 


(3) 


(4) (5) (6) (7) 


(8) 


(9) 


(10) 



1990N 

1981B 

1989B 

1998bu 

1972E 

1937C 

1960F 

1974G 

1991T 



NGC4639 
NGC4536 
NGC3627 
NGC3368 
NGC5253 

IC4182 
NGC4496 
NGC4414 
NGC4527 



12.75(0.04) 
12.04(0.04) 
12.38(0.12) 
12.20(0.04) 
8.40(0.04) 
8.94(0.30) 
11.65(0.20) 
12.34(0.04) 
11.69(0.04) 



0.04(0.05) 
0.06(0.05) 
0.38(0.05) 
0.34(0.05) 
-0.06(0.10) 
0.00(0.20) 

0.22(0.20) 
0.14(0.05) 



1.05(0.05) 
1.13(0.05) 
1.28(0.05) 
1.15(0.05) 
1.05(0.05) 
0.85(0.20) 
1.10(0.20) 
1.40(0.04) 
0.94(0.05) 



0.026(0.003) 
0.018(0.002) 
0.032(0.003) 
0.025(0.003) 
0.056(0.006) 
0.014(0.001) 
0.025(0.005) 
0.019(0.005) 
0.022(0.002) 



0.14(0.06) 
0.11(0.05) 
0.42(0.05) 
0.37(0.05) 
0.01(0.05) 
0.06(0.05) 

0.25(0.05) 
0.20(0.05) 



31.61(0.08) 
30.80(0.04) 
29.86(0.08) 
29.97(0.06) 
27.56(0.14) 
28.28(0.06) 
30.81(0.03) 
31.10(0.05) 
30.74(0.12) 



31.47(0.26) 
30.66(0.20) 
29.88(0.42) 
29.94(0.50) 
27.65(0.15) 
28.31(0.08) 
30.70(0.18) 
31.07(0.38) 
30.60(0.57) 



31.55(0.31) 
30.71(0.23) 
30.11(0.54) 
30.12(0.63) 
27.65(0.14) 
28.31(0.08) 
30.72(0.20) 
31.25(0.48) 
30.65(0.66) 




v>3000 km s- 



0.8 

E(B-V) 



0.4 0.6 0.8 



-20 



-19 - 




Am^,(B) 



Figure 7. Distribution of the host galaxy extinction E{B — 

y)host- Left: SNe with recession velocity smaller than 3000 

kms~^; Right: SNe with recession velocity bigger than 3000 
kms~^. 



The comparison of our results, reported in Table 
with those obtained from 26 SNe of the Calan/Tololo sur- 
vey l|Hamuv et alJljQQficJ) . indicates that we find a slightly 
steeper slope, in the range 1.061 ± 0.154 to 1.102 ± 0.147 
depend ing on the sample vs 0.784 ± 0.182 of iHamuv et~ai] 
It is interesting to no te that the difference disappear 
if, as in lHamuv et alJ we neglect the host galaxy ex- 

tinction correction (a — 0.855 ± 0.182). 

The next step is determine the zero point of the Mb - 
Ami5{B) relation by means of Cepheids calibrated SNe. 



2.4 Effect of the metal content on the 
Cepheids-distance scale 

Classical Cepheids are fundamental primary distance indica- 
tors thanks to their characteristic Period-Luminosity (PL) 



Figure 8. Mg versus Ami5(B) for 8 of the 9 SNe calibrated by 
Cepheids (SN 1960F has been excluded because colour informa- 
tion required to estimate the host galaxy extinction is not avail- 
able). Circles: Distance modulus fi from Freedman et al. 2001; 
triangles: /i corrected assuming AY/AZ = 2.5; square: fi cor- 
rected assuming AY/AZ = 3.5. Solid lines are the best fits ob- 
tained with a fixed slope minimizing the deviation of the three 
sets of Cepheids calibrated SNe. The slope (1.082) is the same as 
in Fig. 13;. 



and Period-Luminosity-Colour (PLC) relations. Such rela- 
tions, once calibrated, allow one to evaluate distances of the 
order of 3 Mpc from ground-based o bservations and about 
30 Mpc from space observations (HST. lEVeedman et all200ll 
and references therein). Moreover, the Cepheid distance 
scale constrains the evaluation of the Hubble constant Ho 
through the calibration of secondary distance indicators. 
This implies that any systematic error on the Cepheids as 
standard candles may affect the inferred extragalactic dis- 
tance scale and, in turn, the value of Ho- 
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In the recent years, one of the most debated issues 
concerning the extragalactic distance scale is the possible 
dependence of Cepheid properties on the chemical com- 
position of the host stellar population. Indeed, Cepheid 
PL relations are traditionally considered to be " universal" 
Jiben fc Renzinilll984l:fFreedman fc Ma dor Jl990|), with the 
slope der ived from Cepheids in the L argo Mag ellan ic Cloud 
(LMC), jMadore fc FreedmanlllQoil: ludalski 200^ and the 
zero point corresponding to some assumption on the LMC 
distance modulus or on Galactic Cepheids with independent 
distance estimates. Empirical tests of the metallicity effect 
on the Cephei d distance scale suggest tha t either the effect 
is very small jFreedman fc Mador j[l99ol) or it goes in the 
directio n of predicting bright er Cepheids for higher metal- 
licities jKennicutt et alJll998^ . 

On the basis of the latter test, the HST Key Project 
(KP) distance moduli are corrected for the metallicity ef- 
fect by adopting the correction A/io/A[0/_ff] = 0.2 ± 0.2 
(Freedman et al. 2001). 

From the theor etical point of view, nonlinear convectiv e 
pulsation models iBono. Marconi fc Stellingwerll Il999all . 
which are able to predict all the relevant pulsation ob- 
servables, suggest that in the range 0.004 < Z < 
0.02 metal poor Cepheids are bright er than the metal- 
rich ones at fixed pulsation peri od iBono et alJ Il999bl: 
ICaputo. Marconi fc Musellal l2000a^ . As a consequence, at 
least in this range of Z, the adoption of "universal" 
LMC-based PL relations provides distances that are sys- 
tematically overestimated (underestimated) for galaxies 
more m etal-rich (metal-poor) than the LMC (Caputo ct al. 
l2000d) . On the other hand, when the pulsation analysis is 
extended to metallicities higher than the solar value (up to 
Z=0.04) in order to cover the whole range of metal abun- 
dances of the HST Key Project galaxies l|Ferrajese et alJ 
I2OOQ) . and the simultaneous effect of the increeise in the he- 
lium abundance is taken into account, the predicted metal- 
licity correction changes sign around the solar value and 
depends significantly on the adopt ed helium to me t allic- 
ity enrichment ratio A y/AZ (see [F iorcntino ct alj I2OO2I 
for details). In particular iFiorentino et al . (2002) find that 
for AY/AZ=3.5, the theoretical metallicity correction is 
in agreement with the result of the empirical test by 
iKennicutt eTal... (.1998.1 . 

In order to calibrate the Ms- Amis (B) relation, we have 
considered three different estimates for the Cepheid distance 
to the SN host galaxies: /xo(KP), computed without metal- 
licity correction, and /xo(Ay/AZ = 2.5), /io(Ay/AZ = 3.5) 
with the metallicity corrections for two different choices of 
the adopted helium to metallicity enrichment ratio Ay/ A^ 
(Table |5J. The zero point of the Mb - l\m\z{B) relation 
was determined by minimizing the deviation of the linear fit 
for the Cepheids calibrated SN, maintaining a fixed slope 
(Fig. |HJ . The inferred parameters of the correlation are re- 
ported in Table [H The zero point obtained with different 
assumptions in the calibration lies in the range —19.613 < 
h < -19.399 to be compared with b = -19.258 ± 0.048 in 
iHamuv et ai]ll996d . 



3 THE HUBBLE CONSTANT 

After completion of the calibration path, we can now use 
SNe la to measure the Hubble constant. 

In Fig. 1^ we show three examples aimed to show how 
different corrections and sample selection affect the scatter 
of the Hubble diagram. For this purpose, we adopted the 
PL relation corrected for Ay/AZ=2.5 (see Table0 and we 
excluded from the fit all SNe la with recession velocity v < 
3000 km s~^. The latter is intended to avoid contamination 
by peculiar motions, wh i ch, on average, amount to ~ 200- 
300kms-^ jTonrv et al.ll200d. ICiovaneUi et alJll999^ . We 
have also excluded SNe with Amis{B) > 1.8 because they 
do not fit the linear relation Mb — Ami5(B), as seen in 
Fig.Hj. 

In panel a of Fig. |^ is the Hubble diagram obtained 
using the complete sample and a standard reddening law, 
in panel 6 is the plot obtained adopting Rb ~ 3.5 for the 
ratio of total to selective extinction (cfr. i\2.3l and finally, 
in panel c is shown the Hubble diagram for the sample of 
SN la with the best photometric coverage Ami5{B) < 0.2 
and low reddening E{B - V)host > 0.1 {Rb = 3.5). 

The fact that the dispersion of the points in panel b {a = 
0.24) is significantly reduced compared with panel a {a — 
0.29) is consistent with the finding of t|2.3l Again, it appears 
that the host galaxy absorption correction deduced from the 
measured colour excess and adopting a standard reddening 
law is an overestimate of the true absorption. On the other 
side, this turns out to have a small effect on the value of 
the Hubble constant itself (Hq = 74lg in panel 6 compared 
with Ho = 74^g^ in panel a) provided that in all steps the 
calibration of the SN magnitudes is done consistently (see 
also Table OJ. 

The dispersion of the Hubble diagram is further reduced 
by selecting the subsample of SN la with good photometry 
and low reddening SNe (cr — 0.20). This time the Hubble 
constant is slightly reduced Ho = Tllg. Although this is 
our preferred result and that with the smallest statistical 
uncertainty, we stress that the selection criteria were not 
applied to the Cepheid calibrated SN of Table |5| which oth- 
erwise would be reduced to only two cases. In principle, this 
asymmetry may introduce some bias. 

The different results are summarized in Table El where 
in particular it can be seen the sensitivity of the estimate of 
the Hubble constant on the different corrections of the PL 
relation. As it can be seen the effect is, in all cases, quite 
small. 

Ho ranges between 68 and 74 km s"'^ Mpc~^, with un- 
certainties of the order of ~ 7 km s~^ Mpc~^ (~ 10%)^ 

These values are in agreement with the result of the 
Hubble Space Telescope Key Project dFreedman et al .l200j) 
which gives Ho = 72 ± 8 km s~^ Mpc~^. They are also in 
agreement with the rece nt results of WMAP , namely Ho = 
72 ± 5 km s"^ Mpc"^ dSpergel et alj|2003t) . obtained for 
a spatially flat cosmological model dominated by cold dark 
matter and non-zero cosmological constant (ACDM model) . 



The fact that the distance scale turned out to be v ery close to 
that of the Nearby Galaxies Catalogue byl^I^ hQSSTl which was 
used to derive the slope of the Mfl-Ami5(i?) relation assure on 
the negligible impact of possible second order effects. 
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log(cz) log(cz) log(cz) 

Figure 9. a: Hubble diagram of the whole sample assuming Rb = 4.315 in the estimate of the host galaxy absorption, b; as the previous 
plot but with Rg = 3.5. c; Hubble diagram for the good jjhotometry, low extinction sample (Rb = 3.5). In all plots, we have used for 
the fit only those SN with recession velocity > 3000 km s^-' and we have adopted the Cepheids P-L correction for AY/ AZ=2.5. The 
fast declining SNe 1991bg, 1992K, 1999da and 1998de have been excluded from the fit. Points which do not contribute to the fit are 
indicated as open circles. 



Note that the same WMAP data give smaller value for Ho 
if fitted by different cosmological models. 



4 CONCLUSIONS 

Using a large sample of SNe la light curves, both from the 
literature or unpublished data, we have revisited the differ- 
ent steps required to calibrate the SN absolute magnitude 
and derive the Hubble constant. 

In particular, we have re-calibrated the relation between 
the SN absolute magnitudes and their rate of decline soon 
after maximum. The latter can be measured without dis- 
tinction by the Ami5(B) or by the "stretch factor" 

SN la with Cepheids calibrated distances are crucial be- 
cause they are used to calibrate the zero point of the Mb vs. 
Ami5(B) relation. We have considered the effect of a new 
metallicity correction of the Cepheids PL relation, how this 
reflects on the calibration of SN la and finally on the esti- 
mate of the Hubble constant. Fortunately, the latter turned 
out to be not very important. 

Instead we found that a major uncertainty is related 
to the correction of the extinction in the host galaxy. In 
particular, we found that the scatter of the Mb - Amis 
relation and of the Hubble diagram itself can be reduced 
assuming a (slightly) smaller value for the ratio of the total 
to selective absorption, Rb - Indeed, the scatter is minimum 
for Rb = 3.5. The difference with the standard value, Rb = 
4.315, is well within the variance of the measurements of 
this parameter even within our own Galaxy. Therefore it 
does not require different properties for the dust in other 
galaxies. Still this is an important issue for the use of SN as 
distance indicators. 

The Hubble constant, obtained with different assump- 
tions on the metallicity dependence of the Ceplieid PL re- 
lation, different cuts in the sample and varying the value of 
Rb, lies in the range 68-74 kms~'^Mpc~i, with uncertain- 
ties of the order of 10%. 



Table 3. Values of Hq (in km s"^ Mpc"^) for different assump- 
tions on the Cepheid calibration and Rb- o, and b are the values 
for the complete sample, whereas in c axe the values for the good 
photometry, low reddening sample. 



N(SN) 

Rb 




a 

46 
4.315 


b 

46 
3.5 


c 

18 
3.5 


Mo(KP) 






72l^ 


691^ 




2.5) 


74+11 


74+9 




,, /AT 

i^oy-Kz = 


3.5) 


72110 


72l^ 


68li 
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APPENDIX A: ESO - ASIAGO PHOTOMETRIC DATA 

Table IXTl reports the unpublished photometry based on observations collected mainly at ESO - La Silla (Chile) and Asiago 
(Italy), plus some data from TNG (La Palma, Canary Islands, Spain) and from the HST WFPC2 Archive. 
Data reduction has been performed using IRAF^ standard recipes for trimming, bias and overscan correction and flat fielding. 
SN magnitudes have been measured rnainly usmg a Point Spread Function (PSF) fitting technique, which ensures a good 
removal of bad pixels and cosmic rays lfl\rratto et a^ll993^ . 

Photometric calibration was obtained from observation of Landolt standard stars jLandoldll99l in photometric nights. This 
was also used to establish a local sequence which was used to calibrate the other observations. 

In brackets are indicative estimates of the errors, obtained from the values measured on several reference nights through 
artificial stars experiments, i.e. adding a fake star, as bright as the SN, in several different positions around the SN location, 
and measuring the spread of the resulting magnitudes with the same procedure used for the SN. 
The codes for the telescope/instrument used are as follows: 

1= Danish 1.54m + DFOSC, 2= MPG/ESO 2.2m + EFOSC2, 3= ESO 3.6m + EFOSCl, 4= NTT + SUSI, 5= Dutch 0.91m, 
6= NTT + EMMI, 7= Asiago 1.82m + AFOSC, 8= ESO 3.6m + EFOSC2, 9= TNG + OIG, 10= ESO 1.0m, 11= HST 
WFPC2 Archive. 

Table Al. 



Date 


Julian Day 


U 


B 


V 


R 




telescope 




+2,400,000 




















SN 1991S 








13/04/91 


48359.67 






18.15(0.03) 






1 


18/04/91 


48364.51 




18.94(0.02) 


18.42(0.03) 


18.31(0.02) 




2 


20/04/91 


48366.64 




19.34(0.03) 


18.51(0.02) 


18.25(0.03) 




3 








SN 1991T continues 








16/04/91 


48362.85 


12.26(0.02) 


12.98(0.02) 


12.84(0.02) 


12.67(0.02) 


12.87(0.02) 


10 


17/04/91 


48363.80 


12.04(0.02) 


12.80(0.02) 


12.74(0.02) 






10 


17/04/91 


48363.65 




12.73(0.01) 


12.61(0.01) 






2 


18/04/91 


48364.64 




12.46(0.01) 


12.34(0.01) 


12.32(0.01) 




2 


20/04/91 


48366.67 




12.06(0.01) 


12.00(0.01) 


11.97(0.01) 




3 


21/04/91 


48367.65 






11.89(0.01) 






3 


22/04/91 


48368.70 




11.78(0.01) 


11.80(0.01) 


11.70(0.01) 




3 


20/05/91 


48396.56 




13.39(0.01) 


12.32(0.01) 


12.32(0.01) 




3 


20/05/91 


48396.56 




13.48(0.01) 


12.29(0.01) 






3 


20/05/91 


48396.56 






12.45(0.01) 






3 


20/06/91 


48427.67 




14.77(0.01) 


13.60(0.01) 


13.51(0.01) 




3 


20/06/91 


48427.67 






13.66(0.01) 


13.45(0.01) 




3 


20/06/91 


48427.67 






13.59(0.01) 






3 


01/08/91 


48469.51 




15.42(0.02) 




14.78(0.02) 




2 


12/08/91 


48480.49 






15.29(0.02) 






2 


02/12/91 


48593.46 




16.98(0.06) 


17.01(0.05) 


17.62(0.06) 




7 


02/12/91 


48593.46 




16.95(0.06) 


17.01(0.05) 


17.59(0.06) 




7 


03/12/91 


48594.46 




17.06(0.06) 


17.10(0.06) 


17.65(0.06) 




7 


12/12/91 


48603.46 




17.04(0.06) 


17.07(0.06) 


17.68(0.06) 




7 



* Image Reduction and Analysis Facility, |http: / /iraf.noao.edu, 



Altavilla et al. 



Table Al. 



Date 


Julian Day 


U B 


V 


R 


I 


telescope 




+2,400,000 
















SN 1991T 








m /no /oo 
ui/uz/ yz 


4oD0o.yu 


17.66(0.05) 


17.95(0.05) 


lo.u4^^U.Uu ) 




o 
A 


nc; /no /oo 
uo/uz/ yz 


4oD0 ( .oZ 


17.74(0.04) 


17.96(0.03) 


1 a ^f\(c\ n/1 \ 




Q 
O 


nc; /no /QO 
uo/ uz / yz 


4oD0 ( -DU 


_ 


17.88(0.07) 






7 


n^^ /no /oo 
UD/uz/ yz 


4oOOo.DO 


17.75(0.07) 


17.94(0.08) 


lo.OZt^U.UD ) 




7 


OQ /no /oo 
zy/uz/ yz 


/IQflQI 7Q 


18.02(0.06) 


18.34(0.05) 


lo.y / ^u.uo ) 




o 
A 


nyl /HQ /QO 

U4/ Uo/yz 


4oDoD.4D 


1 a OK{c\ 1 ^^ 

Lo.ZO\\j.i.\j) 


io.Z^U.UOj 


1 Q r\r\(r\ c\it\ 
.\jo ) 




7 


/HQ /Q9 


4oDoC5.4D 


18.25(0.10) 


18.35(0.06) 






7 


1 1 /HQ /no 
ii/ Uo/yz 


4<5Dyz.o / 


18.42(0.07) 


18.42(0.07) 


1 ri riT/n r\Ci\ 

ly.u ( (^u.uo j 







n/1 /nf^ /oo 
U4/ uo/ yz 


4o ( 40. oy 


18.99(0.05) 


19.12(0.05) 


ly.uof^U.Uo } 


1 o nn/n ^Q^ 
ly.uu^u.uo 


Q 
O 


26/07/92 


48829.67 


19.97(0.10) 


20.27(0.05) 


20.57(0.05) 




2 


23/12/92 


48979.67 


21.04(0.10) 


20.95(0.08) 




- 


3 


22/01/93 


49010.67 


21.02(0.10) 


21.00(0.08) 


21.28(0.09) 




3 


17/02/93 


49035.67 




20.97(0.09) 


21.25(0.07) 


- 


6 


27/02/93 


49045.79 


21.08(0.10) 


20.99(0.09) 


- 


- 


2 


28/02/93 


49046.79 


21.21(0.10) 


21.02(0.10) 


21.36(0.10) 


- 


2 


15/03/93 


49061.67 


21.03(0.10) 


21.08(0.07) 


21.17(0.07) 


- 


3 


26/04/93 


49103.60 


21.06(0.10) 




21.22(0.07) 


- 


3 


27/04/93 


49104.60 


21.06(0.10) 


21.21(0.08) 


- 


- 


3 


17/03/94 


49428.78 


21.43(0.11) 


21.45(0.10) 


- 


- 


6 


10/05/94 


49482.62 


21.13(0.11) 




- 


- 


3 


15/05/94 


49487.65 


21.30(0.11) 




- 


- 


2 


17/03/96 


50159.77 


21.49(0.12) 


21.48(0.10) 


- 


- 


3 






SN 1992A 








1 A /ni /oo 
i4/ui / yz 


4oOoO.UD 


12.84(0.01) 


12.81(0.01) 


^ o vfii'n ni ^ 

IZ. / Di^U.Ui ) 







1 ^ /ni /QO 
10/ ui/ yz 


4oOoD.UD 


12.86(0.01) 


12.79(0.01) 


IZ. ( Ot^U.Ul ) 




ft 
O 


1 1=; /ni /oo 
iO/Ui/ yz 


4oDv5 ( .Uo 


12.75(0.01) 


12.73(0.01) 









1 T /ni /QO 

i i /ui/ yz 


4oDOo.Uo 


12.68(0.01) 


12.69(0.01) 









1 S /ni /Q9 

ICS/ ui / yz 


4oDoy.UO 


12.62(0.01) 


12.66(0.01) 


IZ. ( Ul^U.Ul ^ 




ft 
O 


CiA /no /QO 

U4i:/uz/yz 


40000.0 1 


14.17(0.01) 


13.43(0.01) 


1 Q Qo/n ni ^ 
lo.oZ(^U.Ui J 




Q 

o 


1 1 /n^ /QO 

±1/ \Jo/iyZ 


4ooyz.uo 


16.03(0.03) 


15.19(0.02) 


IK 1 n/'n no"! 

lO.lUt^U.UZ j 




Q 

o 


ofi /nv /oo 
zo/u 1 / yz 


/I fifioo oo 
4oozy.yz 


17.94(0.03) 


18.24(0.03) 


^ c f^Q/n nQ^ 
lo.Ool^U.Uo J 




Z 


ni /no /oo 
ui/uy/ yz 


A fin 
4ooD ( .oU 


18.43(0.03) 


18.61(0.03) 


TO 1 f^i'n n/1 ^ 
iy.i0|^u.U4j 


1 2 on/'n c\^\ 
lo.yut^u.uo ) 


Q 
O 


30/09/92 


48895.40 






20.00(0.07) 




5 


23/10/92 


48918.74 


18.94(0.05) 


19.60(0.05) 


20.18(0.05) 


19.69(0.08) 


2 


29/11/92 


48956.70 


19.69(0.08) 


19.98(0.05) 


20.66(0.05) 


20.09(0.08) 


3 


02/12/92 


48958.63 




20.08(0.07) 






6 


22/12/92 


48979.64 


19.99(0.08) 


20.29(0.07) 


20.76(0.06) 


20.16(0.07) 


3 


24/01/93 


49011.55 


20.43(0.08) 


20.68(0.09) 


21.28(0.08) 


20.54(0.10) 


3 


24/01/93 


49011.55 




20.76(0.09) 


21.15(0.07) 




3 


27/02/93 


49045 54 


20.74(0.10) 


21.23(0.12) 




21 lOCO 15"! 


2 


2S/02/93 


49046 ^0 




21.22(0.11) 






2 


27/03 /93 


49073 ^4 


21.41(0.07) 


21.49(0.07) 


21 82 fn 07^ 




g 


07/07/93 


491 76 20 


>22.5 










02/08/94 


49566.50 




25.9 (0.30) 


- 


- 


11 


n/1 /no /0(^ 
Kj^/yjijl yo 


c^nQ'ii io 
OUooi.lZ 




>27.0 






1 1 






SN 1992K 








07/04/92 


48719.80 


19.23(0.03) 


18.18(0.02) 


17.90(0.02) 


17.51(0.02) 


2 






SN 1993H 








26/04/1993 


49103.67 


20.12(0.04) 


19.02(0.03) 


18.51(0.03) 




3 


05/05/1993 


49112.90 






18.85(0.05) 




1 


16/05/1993 


49123.67 


20.53(0.13) 


19.58(0.07) 


19.32(0.06) 




1 


17/05/1993 


49124.63 


20.49(0.04) 


19.70(0.05) 


19.46(0.04) 




3 


08/07/1993 


49176.67 


21.73(0.20) 


21.01(0.10) 


21.18(0,1.5) 




1 



Table Al. 



SNe la calibration & Hq 



Date Julian Day U B V R I telescope 

+2,400,000 



SN 1993L 



05/05/93 


49112.90 


14.84(0.05) 


13 


97 


'0.03) 


13.86(0.03) 


- 


1 


16/05/93 


49123.83 


15.94(0.09) 


14 


60 


0.04) 


14.11(0.05) 


- 


1 


16/05/93 


49123.84 


15.94(0.09) 


14 


60 


0.04) 


14.04(0.05) 


- 


1 


17/05/93 


49124.88 


- 








14.17(0.02) 


- 


3 


27/05/93 


49134.40 


16.75(0.04) 


15 


23 


0.01) 


14.87(0.02) 


14.51(0.01) 


6 


30/05/93 


49137.40 


- 


15 


30 


0.01) 


14.79(0.02) 


- 


6 


14/06/93 


49152.70 


16.89(0.07) 


15 


81 


0.03) 


15.44(0.03) 


- 


5 


21/06/93 


49159.70 


16.93(0.07) 


15 


88 


0.03) 


15.60(0.04) 


- 


5 


01/07/93 


49169.43 


17.02(0.04) 


16 


21 


0.02) 


16.05(0.02) 


16.01(0.02) 


6 


07/07/93 


49176.15 


17.29(0.10) 


16 


42 


'0.06) 


16.29(0.05) 


- 


1 


10/07/93 


49178.40 


17.31(0.04) 


16 


52 


0.02) 


16.35(0.02) 


16.32(0.03) 


3 


11/07/93 


49179.40 


17.30(0.04) 


16 


56 


0.02) 


16.41(0.03) 


16.34(0.03) 


3 


13/07/93 


49181.40 


17.38(0.04) 


16 


59 


0.02) 


16.44(0.03) 


16.45(0.03) 


3 


23/08/93 


49223.84 


17.81(0.05) 


17 


55 


0.03) 


17.68(0.04) 




3 


10/09/93 


49241.70 


19.40(0.09) 18.22(0.09) 


18 


00 


0.05) 


18.19(0.05) 


18.19(0.05) 


5 


18/11/93 


49309.52 


19.05(0.12) 


19 


06 


0.06) 


19.36(0.06) 


19.16(0.07) 


5 


13/12/94 


49332.57 




19 


70 


0.07) 


20.06(0.07) 




5 


15/12/94 


49336.54 




19 


93 


,0.06) 


19.92(0.05) 




3 


14/01/94 


49367.45 


19.64(0.09) 


20 


26 


'0.10) 






3 


06/05/94 


49478.67 


21.49(0.20) 












5 


09/05/94 


49481.83 


21.38(0.15) 


21 


51 


0.10) 






3 


14/05/94 


49486.85 


21.45(0.20) 


21 


52 


0.20) 






2 


04/06/94 


49507.79 


21.73(0.22) 


21 


73 


0.12) 






3 


06/06/94 


49509.88 


21.72(0.20) 


21 


94 


0.30) 


21.70(0.20) 




2 


07/09/94 


49602.63 


22.45(0.40) 


22 


47 


0.40) 






5 


07/09/94 


49602.63 










>21.91 


>21.3 


5 


08/09/94 


49603.58 


22.88(0.40) 


22 


59(0.40) 






5 


08/09/94 


49603.58 










>22.02 


>21.41 


5 


28/09/94 


49624.67 


23.00(0.30) 












3 


29/05/95 


49866.67 


>22.60 










>21.5 


6 



07/06/94 


49510.54 


15.67(0 


08/06/94 


49512.46 


15.64(0 


09/06/94 


49513.46 




13/06/94 


49516.51 


16.25(0.02) 15.75(0 


14/06/94 


49517.60 




25/06/94 


49529.47 


15.99(0 


13/07/94 


49546.51 


16.26(0 


08/01/95 


49725.78 


18.62(0 


28/01/95 


49745.85 


19.11(0 


04/02/95 


49752.85 


19.07(0 


05/02/95 


49753.79 


19.03(0 


20/02/95 


49768.87 


19.46(0 


27/02/95 


49776.30 


19.75(0 


28/02/95 


49776.46 


19.79(0 


24/04/95 


49831.67 


20.56(0 


24/04/95 


49831.67 




28/05/95 


49865.67 


20.91(0 


28/05/95 


49865.67 





SN 1994D 








02) 


15.25(0.02) 


15.14(0.02) 


15.40(0.03) 


3 


02) 


15.24(0.02) 


15.24(0.02) 


15.44(0.03) 


3 




15.35(0.02) 


15.34(0.02) 




3 


01) 


15.43(0.01) 


15.42(0.01) 


15.58(0.01) 


2 






15.47(0.01) 




2 


03) 


15.69(0.03) 


15.79(0.03) 


16.12(0.03) 


5 


03) 


16.14(0.04) 


16.20(0.03) 


16.59(0.04) 


5 


04) 


19.03(0.04) 






3 


09) 


19.47(0.06) 






5 


03) 








2 


03) 


19.60(0.02) 






2 


10) 


19.97(0.10) 






1 
6 


08) 
15) 








7 


14) 








5 




>20.50 






5 


20) 








6 




>20.54 






6 



14/05/94 49486.56 



SN 1994M 

17.28(0.01) 16.84(0.01) 16.83(0.01) 17.25(0.01) 2 



Altavilla et al. 



Table Al. 



Date 


Julian Day 


U 


B 


V 


R 


I 


telescope 




+2,400,000 




















SN 1994ae 








23/12/94 


49709.85 


~ 


15.02(0.05) 


14.20(0.03) 


13.94(0.03) 


13.96(0.03) 


1 


13/01/95 


49730.33 




16.14(0.01) 


15.17(0.01) 


14.89(0.01) 


14.67(0.01) 


4 


28/01/95 


49745.77 




16.34(0.04) 


15.60(0.03) 


15.40(0.03) 


15.33(0.03) 


5 


05/02/95 


49753.70 




16.53(0.02) 


15.83(0.02) 


15.74(0.02) 


15.71(0.02) 


2 


20/02/95 


49768.79 


- 


16.69(0.05) 


16.20(0.05) 


16.12(0.05) 


16.18(0.04) 


1 


27/02/95 


49776.27 






16.38(0.02) 






6 


27/02/95 


49775.46 


_ 


16.90(0.07) 


16.28(0.05) 


16.26(0.05) 


16.56(0.04) 


7 


28/02/95 


49776.46 


_ 


16.90(0.07) 


16.30(0.05) 


16.37(0.06) 


16.63(0.05) 


7 


31/03/95 


49807.54 


_ 






_ 


17.35(0.04) 


3 


20/04/95 


49827.68 


- 




17.39(0.07) 


17.63(0.07 


18.00(0.06) 


1 


24/04/95 


49831.67 


- 


17.80(0.06) 


17.77(0.05) 


17.89(0.05) 


- 


5 


29/05/95 


49866.67 


- 


18.46(0.07) 


18.39(0.07) 


18.82(0.05) 


- 


6 


19/01/96 


50101.77 


_ 


21.45(0.20) 


21.65(0.15) 


_ 


_ 


2 


21/02/96 


50135.67 


_ 


21.89(0.30) 


22.09(0.17) 


_ 


_ 


5 


13/05/96 


50216.67 


_ 


>22.70 


>22.80 


_ 


_ 


5 








SN 1995D 








20/02/95 


49768.78 




13.39(0.01) 


13.44(0.01) 


13.47(0.02) 


13.68(0.03) 


1 


27/02/95 


49776.30 






13.64(0.01) 


13.75(0.01) 




6 


30/03/95 


49806.59 






15.24(0.01) 






3 


19/04/95 


49827.68 




16.74(0.12) 


15.82(0.10) 


15.64(0.10) 


15.59(0.10) 


1 


25/04/95 


49831.67 




16.80(0.12) 


15.97(0.11) 


15.93(0.10) 


15.71(0.10) 


5 


29/05/95 


49867.67 




17.40(0.06) 


16.87(0.06) 


16.88(0.04) 


17.10(0.05) 


6 


22/11/95 


50044.62 




19.86(0.15) 


20.13(0.10) 






7 


23/11/95 


50045.58 


_ 


19.65(0.14) 




_ 


_ 


7 


25/12/95 


50077.85 


- 


20.08(0.10) 


20.48(0.10) 






2 


19/01/96 


50101.67 




20.79(0.22) 


20.84(0.12) 


21.69(0.15) 


21.10(0.20) 


5 


01/02/96 


50114.67 


_ 


21.11(0.09) 


21.50(0.08) 






1 


01/02/96 


50114.67 


_ 




21.32(0.08) 


_ 


_ 


1 


15/02/96 


50128.56 


- 


21.13(0.20) 


21.24(0.20) 


- 


- 


7 


16/02/96 


50129.60 


- 






22.26(0.30) 


- 


7 










21.24(0.20) 






7 


18/02/96 


50131.68 


- 


20.86(0.25) 


21.27(0.10) 


22.12(0.10) 


- 


2 


21/02/96 


50134.67 




21.31(0.30) 


21.36(0.15) 


22.15(0.20) 


21.04(0.10) 


5 


19/04/96 


50192.67 


- 


22.16(0.50) 


22.30(0.22) 


23.39(0.50) 




5 


10/02/97 


50489.67 






>23.0 






3 








SN 1995ac 








02/10/95 


49992.67 




17.24(0.02) 


17.26(0.02) 


17.19(0.02) 


17.32(0.02) 


3 


13/10/95 


50004.64 




17.93(0.15) 


17.53(0.06) 


17.50(0.06) 


17.79(0.15) 


3 


14/11/95 


50035.67 




20.25(0.08) 


19.19(0.07) 


18.59(0.06) 


18.47(0.07) 


6 


09/06/96 


50243.83 




>23.49 


22.79(0.20) 






3 








SN 1995bd 








18/01/96 


50100.67 




18.19(0.01) 


17.12(0.01) 






2 



SN 1996bo 



24/10/96 50380.65 - 16.33(0.03) 16.05(0.03) 15.79(0.03) - 5 

19/11/96 50406.64 18.46(0.08 17.81(0.08) 16.60(0.04) 16.21(0.03) 16.09(0.04) 5 



Table Al. 



SNe la calibration & Hq 



Date 


Julian Day 


U 


B 


V 


R 


I 


telescope 




+2,400,000 




















SN 1997bp 








08/04/97 


50547.49 


- 


14.19(0.02) 


14.02(0.02) 


13.91(0.02) 


- 


7 


17/04/97 


50555.73 


14.92(0.04) 


14.47(0.04) 


14.01(0.03) 


13.99(0.03) 


14.47(0.03) 


5 


18/04/97 


50556.68 


15.06(0.04) 


14.54(0.04) 


14.01(0.03) 


14.01(0.03) 


14.50(0.03) 


5 


19/04/97 


50557.65 


15.10(0.05) 


14.64(0.05) 


14.12(0.03) 


14.12(0.03) 


14.62(0.03) 


5 


26/04/97 


50565.74 


16.06(0.06) 


15.47(0.05) 


14.58(0.03) 


14.43(0.03) 


14.81(0.03) 


5 


13/05/97 


50581.67 


- 


16.93(0.01) 


15.43(0.01) 


14.93(0.01) 


14.59(0.01) 


2 


02/01/98 


50815.88 




20.11(0.14) 


20.07(0.08) 


20.79(0.09) 


20.44(0.09) 


5 


02/02/98 


50846.81 


- 


20.66(0.15) 


20.65(0.10) 






8 


26/03/98 


50898.75 








21.85(0.20) 




5 




50Q62 64 




22.17(0.20) 


22.16(0.15) 






g 








SN 1997br 








17/04/97 


50555.75 


13.58(0.03) 


14.18(0.03) 


13.93(0.03) 


13.74(0.03) 


13.65(0.03) 


5 


19/04/97 


50557.66 


13.64(0.03) 


14.13(0.03) 


13.87(0.03) 


13.70(0.03) 


13.62(0.03) 


5 


13/05/97 


50581 77 




16.03(0.01) 


14.64(0.01) 


14 25('0 Oil 




2 


(10/08/97 


50670 38 








17 24,(0 051 




1 


22 /03 /98 


50894 79 




21.26(0.18) 


21.06(0.15) 


21 63('0 171 




1 


29 /OS /98 


50962 67 




21.94(0.20) 


21.82(0.15) 


22 04/0 191 




8 








SN 1999aa 








16/03/99 


51254.67 


16.86(0.07) 


16.51(0.06) 


15.76(0.02) 


15.66(0.03) 


15.86(0.04) 


5 


1 ^ /rio 1 f\r\ 

17/03/99 


51255.57 


16.91(0.07) 


16.61(0.06) 


15.80(0.03) 


l.T.o7(().03) 


"ir" C) A t r\ r\ a\ 

15.84(0.04) 


5 


12/0 1/90 


51281. 16 


18.27(0.0.')) 


17. 08(0. or,) 


17.10(0.01) 


1(),S0(0.0 1) 


If). 73(0. 0.")) 


(S 








SN 1999dk 








25/08/99 


51415.67 


14.94(0.07) 


15.06(0.05) 


14.93(0.04) 


14.92(0.04) 


15. .30(0.04) 


1 


02/09/99 


51423.67 


15.62(0.07) 


15.45(0.06) 


15.14(0.04) 


15.23(0.05) 


15.78(0.05) 


1 


05/09/99 


51426.67 


16.12(0.08) 


15.82(0.07) 


15.38(0.04) 


15.49(0.05) 


15.95(0.05) 


1 


14/09/99 


51435.78 


17.24(0.15) 


16.75(0.05) 


15.85(0.03) 


15.68(0.03) 


15.92(0.03) 


8 


17/09/99 


51438.67 


17.54(0.20) 


17.11(0.05) 


16.01(0.03) 


15.70(0.03) 


15.80(0.03) 


8 


08/10/99 


51459.56 


19.10(0.15) 


18.12(0.03) 


16.63(0.03) 


16.58(0.02) 


16.63(0.02) 


9 








SN 2000CX 








27/07/00 


51753.90 




13.44(0.02) 


13.24(0.03) 


13.35(0.03) 


13.77(0.02) 


6 


18/11/00 


51866.55 


18.31(0.02) 


17.86(0.01) 


17.76(0.01) 


17.80(0.02) 


18.21(0.02) 


1 
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APPENDIX B: SNe DATA 

Table inn (1) the SN name; (2) the apparent B magnitude at maximum; (3) the stretch factor (s~^) and (4) t he A.m\^(B)obs 
measu red as explained in tl2.1l not corrected for colour excess; (5) the Galactic colour excess E[B - V)sai from lSchlegel et alJ 
l|l998(l : (6) the colour excess at the blue maximum E{B — V)max corrected for galactic extinction; (7) the colour excess 
measured in the tail: E{B — V)taii, corrected for galactic extinction; (8) the weighted mean of E{B — V)max and E{B — V)taii'- 
E{B — V)host- E(B — V)host = E{B — V)taii when E{B — V)max it is not available; (9) distance modulus ^ from the Nearby 
Galaxy Catalogue jTullvlll988ll : (10) the recession velocity vzk with respect to the microwave background from NED. The 
data sources are reported in Table 1^21 



Table Bl. 



SN 


m(B) 






Ami5(S)o6s 


E(B 




E{B — V)max 


E{B - V)tail 


E{B - 


V)host 




^3k 


(1) 


(2) 




(3) 






(4) 




(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


1937C 


8.94(0.30) 




- 







85 


0.10) 





014 


0.08(0.20) 


0.06(0.05) 


0.06 


0.05) 


28 


22 


543 


1972E 


8.40(0.04) 





96(0 


06) 


1 


05 


0.05) 





056 


-0.04(0.10) 


0.03(0.05) 


0.01 


0.05) 


27 


53 


671 


1972J 


14.80(0.20) 


1 


22(0 


09) 


1 


45 


0.20) 





046 


-0.05(0.11) 


0.00(0.20) 


0.00 


0.05) 






2865 


1974G 


12.34(0.04) 


1 


14(0 


08) 


1 


40 


0.04) 





019 


0.25(0.20) 


0.25(0.20) 


0.25 


0.05) 


29 


93 


992 


1980N 


12.49(0.04) 


1 


06(0 


07) 


1 


30 


0.05) 





021 


0.05(0.06) 


0.12(0.05) 


0.09 


0.05) 


31 


14 


1678 


1981B 


12.04(0.04) 


1 


10(0 


07) 


1 


13 


0.05) 





018 


0.12(0.06) 


0.10(0.14) 


0.11 


0.05) 






2141 


1982B 


13.65(0.20) 




- 







94 


0.10) 





064 


- 


0.14(0.14) 


0.14 


0.14) 


32 


68 


2203 


1983G 


13.00(0.10) 


1 


18(0 


08) 


1 


30 


0.20) 





034 


0.19(0.11) 


0.42(0.05) 


0.35 


0.16) 


30 


89 


1566 


1986G 


12.48(0.04) 


1 


37(0 


11) 


1 


69 


0.05) 





115 


0.95(0.08) 


0.67(0.05) 


0.78 


0.20) 


28 


45 


806 


1989B 


12.38(0.12) 


1 


04(0 


07) 


1 


28 


0.05) 





032 


0.41(0.06) 


0.46(0.14) 


0.42 


0.05) 


29 


10 


1067 


1990N 


12.75(0.04) 


1 


04(0 


07) 


1 


05 


0.05) 





026 


0.09(0.06) 


0.18(0.05) 


0.14 


0.06) 


31 


13 


1322 


1990O 


16.59(0.04) 





91(0 


08) 





94 


0.05) 





093 


0.05(0.10) 


0.10(0.05) 


0.08 


0.05) 






9175 


1990T 


17.27(0.20) 




- 




1 


13 


0.20) 





053 


0.08(0.30) 


0.16(0.05) 


0.15 


0.06) 






11893 


1990Y 


17.69(0.20) 




- 




1 


13 


0.20) 





008 


0.26(0.30) 


0.34(0.10) 


0.32 


0.05) 






11652 


1991S 


17.78(0.05) 




- 




1 


00 


0.10) 





026 


0.06(0.30) 


0.13(0.10) 


0.11 


0.05) 






16807 


1991T 


11.69(0.04) 





93(0 


05) 





94 


0.05) 





022 


0.21(0.06) 


0.19(0.04) 


0.20 


0.05) 


30 


65 


2070 


1991U 


16.67(0.10) 




- 




1 


11 


0.10) 





062 


0.07(0.30) 


0.15(0.20) 


0.12 


0.05) 






9724 


1991ag 


14.67(0.04) 





89(0 


02) 





87 


0.05) 





062 


0.06(0.30) 


0.08(0.05) 


0.08 


0.05) 






4521 


1991bg 


14.75(0.04) 


1 


47(0 


22) 


1 


94 


0.05) 





041 


-0.00(0.07) 


0.00(0.09) 


0.00 


0.05) 


31 


13 


1282 


1992A 


12.56(0.04) 


1 


25(0 


09) 


1 


47 


0.05) 





018 


0.05(0.07) 


0.02(0.05) 


0.04 


0.05) 


31 


14 


1737 


1992J 


17.88(0.20) 




_ 




1 


69 


0.20) 





057 


- 


0.10(0.08) 


0.10 


0.08) 






13828 


1992K 


16.31(0.20) 




- 




1 


94 


0.20) 





101 


- 


0.00(0.05) 


0.00 


0.05) 






3324 


1992P 


16.14(0.20) 


1 


00(0 


03) 


1 


05 


0.30) 





021 


0.05(0.06) 


0.12(0.05) 


0.09 


0.05) 






7939 


1992ae 


18.62(0.04) 








1 


30 


0.10) 





036 


0.12(0.11) 


0.05(0.10) 


0.09 


0.05) 






22442 


1992ag 


16.64(0.20) 


1 


07(0 


07) 


1 


20 


0.20) 





097 


0.15(0.06) 


0.45(0.20) 


0.22 


0.21) 






8095 


1992al 


14.59(0.04) 


1 


00(0 


03) 


1 


09 


0.05) 





034 


-0.01(0.06) 


0.07(0.04) 


0.04 


0.05) 






4214 


1992aq 


19.42(0.10) 








1 


69 


0.05) 





012 


0.05(0.31) 


0.00(0.20) 


0.02 


0.05) 






30014 


1992au 


18.17(0.20) 








1 


69 


0.30) 





017 




0.00(0.30) 


0.00 


0.30) 






18225 


1992bc 


15.13(0.04) 





93(0 


05) 





90 


0.05) 





022 


0.01(0.06) 


-0.03(0.05) 


0.00 


0.05) 






5876 


1992bg 


17.39(0.04) 


1 


00(0 


03) 


1 


15 


0.05) 





185 


-0.04(0.20) 


0.04(0.05) 


0.02 


0.06) 






10936 


1992bh 


17.68(0.04) 





98(0 


03) 


1 


13 


0.05) 





022 


0.10(0.10) 


0.13(0.10) 


0.12 


0.05) 






13519 


1992bk 


18.07(0.04) 








1 


67 


0.05) 





015 


0.04(0.21) 


-0.01(0.10) 


0.01 


0.05) 






17551 


1992bl 


17.34(0.04) 


1 


23(0 


05) 


1 


56 


0.05) 





Oil 


-0.02(0.11) 


0.04(0.05) 


0.02 


0.05) 






12661 


1992bo 


15.86(0.04) 


1 


33(0 


11) 


1 


69 


0.05) 





027 


-0.02(0.08) 


-0.01(0.12) 


0.00 


0.05) 






5164 


1992bp 


18.53(0.04) 


1 


12(0 


04) 


1 


52 


0.20) 





069 


-0.02(0.11) 


0.00(0.20) 


0.00 


0.05) 






23557 


1992bs 


18.33(0.04) 


1 


01(0 


03) 


1 


15 


0.05) 





Oil 


0.06(0.10) 


0.05(0.10) 


0.05 


0.05) 






18787 


1993B 


18.71(0.06) 





99(0 


03) 


1 


30 


0.05) 





079 


-0.02(0.20) 


0.24(0.10) 


0.15 


0.18) 






21011 


1993H 


16.99(0.04) 


1 


18(0 


04) 


1 


69 


0.10) 





060 


0.16(0.08) 


0.06(0.05) 


0.10 


0.07) 






7523 


1993L 


13.40(0.20) 








1 


47 


0.30) 





014 


0.31(0.21) 


0.32(0.11) 


0.32 


0.05) 






1387 


19930 


17.79(0.04) 


1 


05(0 


07) 


1 


26 


0.05) 





053 


-0.07(0.06) 


0.04(0.08) 


0.00 


0.08) 






15867 


1993ac 


18.45(0.20) 








1 


25 


0.20) 





163 




0.04(0.10) 


0.04 


0.10) 






14674 


1993ae 


15.44(0.20) 








1 


47 


0.20) 





038 


-0.01(0.30) 


0.00(0.05) 


0.00 


0.05) 






5405 


1993ag 


18.30(0.04) 


1 


06(0 


03) 


1 


30 


0.20) 





112 


0.15(0.06) 


0.10(0.10) 


0.13 


0.05) 






15031 


1993ah 


16.32(0.04) 


1 


19(0 


14) 


1 


45 


0.10) 





020 




0.15(0.10) 


0.15 


0.10) 






8604 


1994D 


11.86(0.04) 


1 


27(0 


10) 


1 


31 


0.05) 





022 


-0.02(0.06) 


0.05(0.08) 


0.01 


0.05) 


31 


13 


793 


1994M 


16.35(0.06) 


1 


18(0 


04) 


1 


45 


0.20) 





023 


0.12(0.11) 


0.18(0.05) 


0.16 


0.05) 






7289 


1994Q 


16.44(0.10) 











90 


0.10) 





017 




0.11(0.06) 


0.11 


0.06) 






8954 



Table Bl. 



SNe la calibration & Hq 



SN 




m(B) 








Ami5(B)oi,s 


E{B - V)gal 


E{B — V)max 


E{B - V)tail 


E{B - 


y)host 






(1) 




(2) 




(3) 






(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


1994T 


17 


23 


'0.10) 




- 




1 


45 


0.05) 


0.029 


0.06(0.30) 


0.07(0.20) 


0.07 


0.05) 


- 


10708 


1994ae 


13 


15 


0.06) 


1 


04(0 


07) 





87 


0.10) 


0.030 


0.17(0.06) 


0.16(0.09) 


0.16 


0.05) 


31.85 


1609 


1995D 


13 


44 


0.04) 





99(0 


06) 


1 


03 


0.05) 


0.058 


0.07(0.06) 


0.13(0.07) 


0.10 


0.05) 


32.43 


2289 


1995E 


16 


82 


0.04) 





96(0 


03) 


1 


19 


0.05) 


0.027 


0.77(0.06) 


0.72(0.14) 


0.76 


0.05) 


- 


3510 


1995ac 


17 


21 


0.04) 





96(0 


06) 





95 


0.05) 


0.042 


0.06(0.06) 


-0.01(0.05) 


0.02 


0.05) 


- 


14635 


1995ak 


16 


09 


0.10) 


1 


11(0 


07) 


1 


45 


0.10) 


0.038 


-0.04(0.11) 


0.28(0.06) 


0.16 


0.23) 


- 


6589 


1995al 


13 


36 


0.04) 





93(0 


03) 





89 


0.05) 


0.014 


0.21(0.06) 


0.19(0.05) 


0.20 


0.05) 


32.00 


1797 


1995bd 


17 


27 


0.04) 





93(0 


05) 





88 


0.05) 


0.498 


0.37(0.06) 


0.20(0.05) 


0.28 


0.12) 


- 


4326 


1996C 


16 


59 


,0.08) 





87(0 


02) 





94 


0.10) 


0.013 


0.11(0.20) 


0.07(0.05) 


0.08 


0.05) 


- 


8245 


1996X 


13 


26 


'0.04) 


1 


09(0 


07) 


1 


32 


0.05) 


0.069 


-0.00(0.06) 


0.07(0.07) 


0.03 


0.05) 


32.29 


2325 


1996ai 


16 


96 


0.20) 





83(0 


02) 





85 


0.08) 


0.014 


1.76(0.06) 


2.07(0.10) 


1.88 


0.22) 


31.64 


1177 


1996bk 


14 


84 


0.20) 




- 




1 


69 


0.20) 


0.018 


0.38(0.21) 


0.33(0.13) 


0.35 


0.05) 


32.55 


2147 


1996bl 


17 


08 


0.04) 





99(0 


03) 


1 


11 


0.05) 


0.092 


0.05(0.06) 


0.13(0.07) 


0.09 


0.05) 


- 


10447 


1996bo 


16 


15 


0.04) 


1 


06(0 


07) 


1 


30 


0.05) 


0.077 


0.35(0.06) 


0.30(0.10) 


0.33 


0.05) 


- 


4898 


1996bv 


15 


77 


0.04) 




- 







84 


0.10) 


0.105 


0.23(0.20) 


0.23(0.10) 


0.23 


0.05) 


- 


5016 


1997bp 


14 


10 


0.20) 





95(0 


09) 





94 


0.20) 


0.044 


0.09(0.20) 


0.45(0.20) 


0.27 


0.26) 


- 


2824 


1997br 


14 


06 


0.04) 


1 


04(0 


07) 


1 


04 


0.05) 


0.113 


0.31(0.20) 


0.33(0.04) 


0.33 


0.05) 


- 


2399 


1998bu 


12 


20 


,0.04) 


1 


00(0 


06) 


1 


15 


0.05) 


0.025 


0.39(0.06) 


0.36(0.05) 


0.37 


0.05) 


29.54 


1238 


1998de 


17 


56 


;o.o2) 


1 


45(0 


13) 


1 


94 


0.05) 


0.059 


-0.08(0.07) 


0.00(0.10) 


0.00 


0.05) 


- 


4713 


1999aa 


14 


93 


;o.o5) 





85(0 


07) 





85 


0.05) 


0.040 


0.11(0.06) 


0.07(0.05) 


0.09 


0.05) 




4564 


1999aw 


16 


86 


'0.05) 





74(0 


05) 





81 


0.05) 


0.032 


0.10(0.09) 


0.00(0.10) 


0.05 


0.07) 




11362 


1999da 


16 


90 


'0.10) 








1 


94 


0.20) 


0.058 




0.05(0.20) 


0.05 


0.20) 




3644 


1999dk 


15 


04 


0.05) 





92(0 


08) 


1 


28 


0.10) 


0.054 


0.13(0.06) 


0.17(0.21) 


0.14 


0.05) 




4184 


1999CC 


14 


94 


0.02) 





86(0 


04) 





92 


0.05) 


0.020 


0.36(0.06) 


0.39(0.06) 


0.38 


0.05) 




3153 


1999gp 


16 


25 


0.05) 





83(0 


07) 





94 


0.10) 


0.056 


0.15(0.06) 


0.11(0.09) 


0.14 


0.05) 




7811 


2000E 


14 


31 


0.05) 





85(0 


07) 





94 


0.05) 


0.366 


0.21(0.10) 


0.30(0.10) 


0.25 


0.07) 


31.91 


1280 


2000bk 


16 


98 


0.10) 


1 


32(0 


17) 


1 


69 


0.10) 


0.025 




0.19(0.05) 


0.19 


0.05) 




7976 


2000ce 


17 


24 


0.10) 





86(0 


07) 





94 


0.10) 


0.057 




0.65(0.14) 


0.65 


0.14) 




4948 


2000cx 


13 


44 


;o.o5) 





94(0 


09) 





93 


0.05) 


0.083 


0.19(0.06) 


-0.20(0.05) 


0.00 


0.28) 


32.53 


2115 


2001el 


12 


81 


;o.02) 


1 


02(0 


06) 


1 


15 


0.05) 


0.014 


0.13(0.06) 


0.33(0.05) 


0.24 


0.14) 


30.55 


1091 


2002bo 


14 


01 


;o.io) 


1 


02(0 


06) 


1 


17 


0.05) 


0.025 


0.48(0.06) 


0.47(0.05) 


0.47 


0.05) 


31.76 


1641 
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APPENDIX C: B BAND TEMPLATES 



Table CI. Light curve templates for different decline rates. 
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